TITLE OF THE INVENTION 
SAMPLE PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 
5 This is a continuation-in-part application of U.S. 

Patent Application No. 09/434 , 741 filed on November 5 , 1999 
entitled " SAMPLE PROCESSING SYSTEM". 

FIELD OF THE INVENTION 
10 The present invention relates to a sample processing 

system and, more particularly, to a processing system 
having a plurality of processing apparatuses for processing 
a sample. 

15 DESCRIPTION OF THE RELATED ART 

A substrate (SOI substrate) having an SOI (Silicon 
On Insulator) structure is known as a substrate having a 
single-crystal Si layer on an insulating layer. A device 
using this SOI substrate has many advantages that cannot 

20 be achieved by ordinary Si substrates. Examples of the 
advantages are as follows. 

(1) The integration degree can be increased because 
dielectric isolation is easy. 

(2) The radiation resistance can be increased. 

25 (3) The operating speed of the device can be increased 

because the stray capacitance is small. 
(4) No well step is necessary. 
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(5) Latch-up can be prevented. 

(6) A completely depleted field effect transistor can 
be formed by thin film formation. 

Since an SOI structure has the above various 
5 advantages, researches have been made on its formation 
method for several decades . 

As one SOI technology, the SOS (Silicon On Sapphire) 
technology by which Si is heteroepitaxially grown on a 
single-crystal sapphire substrate by CVD (Chemical Vapor 

10 Deposition) has been known for a long time. This SOS 

technology once earned a reputation as the most matured SOI 
technology. However, the SOS technology has not been put 
into practical use to date because, e.g., a large amount 
of crystal defects are produced by lattice mismatch in the 

15 interface between the Si layer and the underlying sapphire 
substrate, aluminum that forms the sapphire substrate mixes 
in the Si layer, the substrate is expensive, and it is 
difficult to obtain a large area. 

Various SOI technologies have appeared next to the 

20 SOS technology. For these SOI technologies, various 

methods have been examined to reduce crystal defects or 
manufacturing cost. The methods include a method of 
ion-implanting oxygen into a substrate to form a buried 
oxide layer, a method of bonding two wafers via an oxide 

25 film and polishing or etching one wafer to leave a thin 
single-crystal Si layer on the oxide film, and a method of 
ion-implanting hydrogen to a predetermined depth from the 
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surface of an Si substrate having an oxide film, bonding 
the substrate to another substrate, leaving a thin 
single-crystal Si layer on the oxide film by heating or the 
like, and peeling one (the other substrate) of the bonded 
5 substrates. 

The present applicant has disclosed a new SOI 
technology in Japanese Patent Laid-Open No. 5-21338. In 
this technology, a first substrate prepared by forming an 
unporous single-crystal layer (including a single-crystal 

10 Si layer) on a single-crystal semiconductor substrate 

having a porous layer is bonded to a second substrate via 
an insulating layer. After this, the substrates are 
separated at the porous layer, thereby transferring the 
unporous single-crystal layer to the second substrate. 

15 This technique is advantageous because the film thickness 
uniformity of the SOI layer is good, the crystal defect 
density in the SOI layer can be decreased, the surface 
planarity of the SOI layer is good, no expensive 
manufacturing apparatus with special specifications is 

20 required, and SOI substrates having about several hundred 
A to 10-}im thick SOI films can be manufactured by a single 
manufacturing apparatus . 

The present applicant has also disclosed a technique 
in Japanese Patent Laid-Open No. 7-302889, in which first 

25 and second substrates are bonded, the first substrate is 
separated from the second substrate without being broken, 
T:h¥~surf~ace of the separated first substrate is planarized, 
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a porous layer is formed again, and the porous layer is 
reused. Since the first substrate is not wasted, this 
technique is advantageous in greatly reducing the 
manufacturing cost and simplifying the manufacturing 
5 process. 

According to the SOI substrate manufacturing methods 
proposed by the present applicant, a high-quality SOI 
substrate can be manufactured. However, to mass-produce 
SOI substrates, for example, the series of processing 
10 operations must be performed at a high speed. 

SUMMARY OF THE INVENTION 
The present invention has been made in consideration 
of the above situation, and has as its object to provide 

15 a processing system suitable for manufacturing, e.g., an 
SOI substrate. 

According to the present invention, there is provided 
a processing system for processing a sample, characterized 
by comprising a conveyor mechanism having a holding portion 

20 for holding a sample, the conveyor mechanism conveying the 
sample held by the holding portion, and a plurality of 
processing apparatuses disposed at equidistant positions 
separated from a driving shaft of the conveyor mechanism, 
wherein the conveyor mechanism pivots the holding portion 

25 about the driving shaft substantially in a horizontal plane 
and moves the holding portion close to or away from the 
driving shaft to convey the sample among the plurality of 
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processing apparatuses. 

In the processing system, preferably, for example, 
the sample to be processed is a plate-like sample, and the 
holding portion substantially horizontally holds the 
5 plate-like sample and conveys the sample. 

In the processing system, for example, each of the 
plurality of processing apparatuses preferably 
receives /transfers the plate-like sample from/to the 
holding portion of the conveyor mechanism in a 
10 substantially horizontal state. 

In the processing system, the plurality of processing 
apparatuses preferably include, e.g., a separating 
apparatus for separating the sample. 

In the processing system, preferably, for example, 
15 the plate-like sample to be processed has a separation layer, 
and the plurality of processing apparatuses include a 
separating apparatus for separating the plate-like sample 
at the separation layer. 

In the processing system, for example, the separating 
20 apparatus preferably separates the plate-like sample held 
horizontally. 

In the processing system, for example, the separating 
apparatus preferably ejects a stream of a fluid toward the 
separation layer while horizontally holding the plate-like 
25 sample to separate the plate-like sample at the separation 
layer. 

In the processing system, for example, the separating 
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apparatus preferably ejects a stream of a fluid toward the 
separation layer while rotating the plate-like sample held 
horizontally to separate the plate-like sample at the 
separation layer. 
5 In the processing system, for example, the separating 

apparatus preferably separates the plate-like sample 
sandwiched and held from upper and lower sides. 

In the processing system, the separating apparatus 
preferably comprises, e.g. , a Bernoulli chuck as a holding 
10 mechanism for holding the plate-like sample. 

In the processing system, for example, the separating 
apparatus preferably applies pressure of a fluid 
substantially standing still to at least part of the 
separation layer to separate the plate-like sample at the 
15 separation layer. 

In the processing system, preferably, for example, 
the separating apparatus has a closed vessel, stores the 
plate-like sample in the closed vessel, and sets internal 
pressure of the closed vessel at high pressure to separate 
20 the plate-like sample at the separation layer. 

In the processing system, the plurality of processing 
apparatuses preferably include, e.g., a centering 
apparatus for centering the plate-like sample before the 
plate-like sample is transferred to the separating 
2 5 apparatus. 

In the processing system, the plurality of processing 
apparatuses preferably include, e.g. , a cleaning apparatus 
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for cleaning portions of a plate-like sample obtained by 
separation by the separating apparatus . 

In the processing system, for example, the cleaning 
apparatus preferably cleans the plate-like sample obtained 
5 by separation by the separating apparatus in the horizontal 
state. 

In the processing system, the plurality of processing 
apparatuses preferably include, e.g., a cleaning/drying 
apparatus for cleaning and drying a plate-like sample 

10 obtained by separation by the separating apparatus. 

In the processing system, for example, the 
cleaning/drying apparatus preferably cleans and dries the 
plate-like sample obtained by separation by the separating 
apparatus in the horizontal state. 

15 In the processing system, the plurality of processing 

apparatuses preferably include, e.g., an inverting 
apparatus for pivoting an upper plate-like sample of two 
plate-like samples obtained by separation by the separating 
apparatus through 180°. 

20 In the processing system, for example, processing 

operations by the plurality of processing apparatuses are 
preferably parallelly executed. 

In the processing system, the conveyor mechanism 
preferably comprises, e.g., a scalar robot. 

25 In the processing system, the separation layer is 

preferably, e.g., a layer having a fragile structure. 
In the processing system, the layer having the 
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fragile structure is preferably, e.g., a porous layer. 

In the processing system, the layer having the 
fragile structure is preferably, e.g. , a microcavity layer. 

In the processing system, the plate-like sample to 
5 be processed is preferably a semiconductor substrate. 

In the processing system, the plate-like sample to 
be processed is preferably formed by bonding a first 
substrate and a second substrate and has a layer having a 
fragile structure as the separation layer. 

10 In the processing system, the plate-like sample to 

be processed is preferably formed by forming a porous layer 
on a surface of a first semiconductor substrate, forming 
an unporous layer on the porous layer, and bonding a second 
substrate to the unporous layer. 

15 According to the present invention, there is provided 

a processing system for processing a sample, characterized 
by comprising a plurality of processing apparatuses for 
handling or processing the sample, and a conveyor mechanism 
having a holding portion for holding the sample, the 

20 conveyor mechanism linearly moving the holding portion in 
a horizontal plane and pivoting the holding portion about 
a pivot shaft, and moving the holding portion close to or 
away from the pivot shaft to convey the sample among the 
plurality of processing apparatuses, wherein the plurality 

25 of processing apparatuses are disposed at positions where 
the conveyor mechanism can transfer the sample. 

In the above processing system, for example, the 
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plurality of processing apparatuses are preferably 
disposed at substantially equidistant positions separated 
from a movable range of the pivot shaft. 

In the above processing system, preferably, the 
5 conveyor mechanism has f e.g., a horizontal driving shaft 
and moves the holding portion along the horizontal driving 
shaft . 

In the above processing system, some processing 

apparatuses of the plurality of processing apparatuses are 
10 preferably disposed, e.g., on one side of the horizontal 

driving shaft on a line substantially parallel to the 

horizontal driving shaft. 

In the above processing system, remaining processing 

apparatuses of the plurality of processing apparatuses are 
15 preferably disposed, e.g., on the other side of the 

horizontal driving shaft on a line substantially parallel 

to the horizontal driving shaft. 

In the above processing system, some processing 

apparatuses of the remaining processing apparatuses of the 
20 plurality of processing apparatuses are preferably 

disposed, e.g., at positions separated from one end and/or 

the other end of the horizontal driving shaft by a 

predetermined distance . 

In the above processing system, preferably, the 
25 processing apparatuses disposed on one side of the 

horizontal driving shaft comprise a processing apparatus 

for manipulating the sample or physically or chemically 
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processing the sample, and the processing apparatuses 
disposed on the other side of the horizontal driving shaft 
comprise a loader or unloader for handling the sample. 
In the above processing system, preferably, for 
5 example, the processing apparatuses disposed on one side 
of the horizontal driving shaft and processing apparatuses 
disposed at one end and/or the other' end of the horizontal 
driving shaft comprise processing apparatuses for 
manipulating the sample or physically or chemically 

10 processing the sample, and the processing apparatuses 

disposed on the other side of the horizontal driving shaft 
comprise loaders or unloaders for handling the sample. 

In the above processing system, preferably, for 
example, the sample to be processed is a plate-like sample, 

15 and the conveyor mechanism substantially horizontally 

holds and conveys the plate-like sample with the holding 
portion . 

In the above processing system, for example, each of 
the plurality of processing apparatuses preferably 
20 transfers/receives the sample to/from the holding portion 
of the conveyor mechanism in a substantially horizontal 
state. 

In the above processing system, preferably, for 
example, the plate-like sample to be processed has a 
25 separation layer, and the plurality of processing 

apparatuses include at least one separating apparatus for 
separating the plate-like sample at the separation layer. 
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In the above processing system, the separating 
apparatus preferably separates the plate-like sample while, 
e.g., horizontally holding the sample. 

In the above processing system, for example, the 
5 separating apparatus preferably ejects a stream of a fluid 
to the separation layer while horizontally holding the 
plate-like sample to separate the plate-like sample at the 
separation layer. 

In the above processing system, for example, the 
10 separating apparatus preferably ejects a stream of a fluid 
to the separation layer while horizontally holding and 
rotating the plate-like sample to separate the plate-like 
sample at the separation layer. 

In the above processing system, the separating 
15 apparatus preferably separates the plate-like sample while, 
e.g. , holding the sample by sandwiching the sample from 
upper and lower sides . 

In the above processing system, the separating 
apparatus preferably has, e.g., a Bernoulli chuck as a 
20 holding mechanism for holding the plate-like sample. 

In the above processing system, for example, the 
separating apparatus preferably applies pressure of a fluid 
which is substantially standing still to at least part of 
the separation layer of the plate-like sample to separate 
25 the plate-like sample at the separation layer. 

In the above processing system, preferably, for 
example, the separating apparatus has a closed vessel, the 
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plate- like sample is stored in the closed vessel , and 
pressure in the closed vessel is increased to separate the 
plate-like sample at the separation layer. 

In the above processing system, the plurality of 
5 processing apparatuses preferably include, e.g., a 

centering apparatus for centering the plate-like sample 
before the plate-like sample is transferred to the 
separating apparatus . 

In the above processing system, the plurality of 
10 processing apparatuses preferably include, e.g., a 
cleaning apparatus for cleaning a plate-like sample 
obtained by separation by the separating apparatus. 

In the above processing system, for example, the 
cleaning apparatus preferably cleans the plate-like sample 
15 obtained by separation by the separating apparatus in a 
horizontal state. 

In the above processing system, the plurality of 
processing apparatuses preferably include, e.g., a 
cleaning/drying apparatus for cleaning and drying the 
20 plate-like sample obtained by separation by the separating 
apparatus . 

In the above processing system, for example, the 
cleaning/drying apparatus preferably cleans and dries the 
plate-like sample obtained by separation by the separating 
25 apparatus in a horizontal state. 

In the above processing system, the plurality of 
processing apparatuses preferably include, e.g., an 
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inverting apparatus for pivoting an upper plate-like sample 
of two plate-like samples obtained by separation by the 
separating apparatus through 180°. 

In the above processing system, for example, the 
5 plurality of processing apparatuses preferably parallelly 
execute processing . 

In the above processing system, the conveyor 
mechanism preferably comprises, e.g., a scalar robot and 
a driving mechanism for linearly driving the scalar robot 
10 in the horizontal plane. 

In the above processing system, the separation layer 
is preferably a layer having a fragile structure. 

In the above processing system, the layer having the 
fragile structure is preferably, e.g., a porous layer. 
15 In the above processing system, the layer having the 

fragile structure is preferably, e.g., a microcavity layer . 

In the above processing system, the plate-like sample 
to be processed is preferably, e.g., a semiconductor 
substrate. 

20 In the above processing system, the plate-like sample 

to be processed is preferably formed by, e.g., bonding a 
first substrate and a second substrate and has a layer 
having a fragile structure as the separation layer. 

In the above processing system, the plate-like sample 

25 to be processed is preferably formed by, e.g., forming a 
porous layer on a surface of a first semiconductor substrate, 
forming an unporous layer on the porous layer, and bonding 
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a second substrate to the unporous layer. 

According to the present invention, there is provided 
a processing system for processing a plate shaped sample, 
characterized by comprising a plurality of processing 
5 apparatuses for handling or processing the plate shaped 
sample, and a conveyor mechanism having a holding portion 
for substantially horizontally holding the plate shaped 
sample, the conveyor mechanism moving said holding portion 
to conveyor the plate shaped sample among the plurality of 

10 processing apparatuses while transferring/receiving the 
plate shaped sample to/from each of the plurality of 
processing apparatuses in a substantially horizontal state, 
wherein the plurality of processing apparatuses are 
disposed at positions where the conveyor mechanism can 

15 transfer the plate shaped sample and the plurality of 

processing apparatuses include a separating apparatus for 
separating the plate shaped sample while substantially 
horizontally holding the plate shaped sample, and an 
inverting apparatus for pivoting an upper plate shaped 

20 sample of two plate shaped samples obtained by separation 
by the separating apparatus through 180° . 

Further objects, features and advantages of the 
present invention will become apparent from the following 
detailed description of the embodiments of the present 

25 invention with reference to the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Figs. 1A to IE are sectional views for explaining the 
steps in manufacturing an SOI substrate according to a 
preferred embodiment of the present invention; 

Fig . 2 is a plan view showing the schematic arrangement 
5 of a processing system according to a first embodiment of 
the present invention; 

Fig. 3 is a flow chart for explaining processing 
procedures of the processing system for one bonded 
substrate stack; 
10 Fig. 4 is a view showing an example of processing 

procedures for parallelly processing a plurality of bonded 
substrate stacks; 

Fig. 5 is a view showing an example of convey 
processing of a bonded substrate stack or separated 
15 substrate by a scalar robot and processing execution 
procedures of the apparatuses; 

Fig, 6 is a schematic view showing the first 
arrangement of a separating apparatus; 

Fig. 7 is a view schematically showing the outer 
20 appearance of substrate holding portions shown in Fig. 6; 

Fig. 8 is a schematic view showing the second 
arrangement of the separating apparatus; 

Fig. 9 is a view showing part of the separating 
apparatus shown in Fig. 8; 
25 Fig. 10 is a schematic sectional view showing the 

third arrangement of the separating apparatus; 

Fig. 11 is a schematic sectional view showing the 



- 15 - 



third arrangement of the separating apparatus; 

Fig. 12 is a schematic view showing the fourth 
arrangement of the separating apparatus ; and 

Figs. 13A and 13B are views showing another structure 
5 of the robot hand of a scalar robot. 

Fig. 14 is a plan view showing the schematic 
arrangement of a processing system according to the second 
embodiment of the present invention . 

Fig. 15 is a plan view showing the schematic 
10 arrangement of a processing system according to the third 
embodiment of the present invention. 

Fig. 16 is a view showing an example of convey 
processing of a bonded substrate stack or separated 
substrate by the scalar robot and processing execution 
15 procedures of the apparatuses. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
A preferred embodiment of the present invention will 
be described below with reference to the accompanying 
20 drawings . 

Figs . 1A to IE are sectional views for explaining steps 
in manufacturing an SOI substrate according a preferred 
embodiment of the present invention. 

In the step shown in Fig . 1A, a single-crystal Si 
25 substrate 11 is prepared, and a porous Si layer 12 is formed 
on the surface of the single-crystal Si substrate 11 by, 
e.g. , anodizing. In the step shown in Fig. IB, an unporous 
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single-crystal Si layer 13 is formed on the porous Si layer 
12 by epitaxial growth. An insulating layer (e.g. , an SiO^ 
layer) 15 is formed on the unporous single-crystal Si layer 
13. With this process, a first substrate 10 is formed. 
5 In the step shown in Fig. 1C, a second substrate 20 

is prepared and brought into tight contact with the first 
substrate 10 at room temperature while making the 
insulating layer 15 oppose the second substrate 20. After 
this, the first substrate 10 and second substrate 20 are 

10 bonded by anodic bonding, pressing, heating, or a 

combination thereof. The insulating layer 15 and second 
substrate 20 are firmly bonded to form the bonded substrate 
stack 50. The insulating layer 15 may be formed on the 
unporous single-crystal Si layer 13, as described above. 

15 Alternatively, the insulating layer 15 maybe formed either 
on the second substrate 2 0 or on both the unporous 
single-crystal Si layer 13 and second substrate 20 as far 
as the state shown in Fig. 1C is obtained upon bringing the 
first and second substrates into tight contact with each 

20 other. 

In the step shown in Fig. ID, the two bonded substrates 
are separated at the porous Si layer 12 . The second 
substrate side (10" + 20) has a multilayered structure of 
porous Si layer 12 " /single-crystal Si layer 13 /insulating 
25 layer 15/single-crystal Si substrate 20. The first 

substrate side (10') has a structure wherein a porous Si 
layer 12' is formed on the single-crystal Si substrate 11. 
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After the remaining porous Si layer 12 1 is removed, 
and the surface of the porous Si layer 12 1 is planarized 
as needed, the separated substrate (10') is used as a 
single-crystal Si substrate 11 for forming a first 
5 substrate (10) again. 

After the bonded substrate stack is separated, in the 
step shown in Fig. IE, the porous layer 12" on the surface 
on the second substrate side (10" + 20) is selectively 
removed. With this process, a substrate having a 
10 multilayered structure of a single-crystal Si layer 

13 /insulating layer 15/single-crystal Si substrate 20, 
i.e., an SOI structure is obtained. 

As the second substrate, for example, not only a 
single-crystal Si substrate but also an insulating 
15 substrate (e.g., quartz substrate) or a transparent 
substrate (e.g., quartz substrate) can be used. 

In the above manufacturing process, to facilitate the 
process of bonding two substrates and separating them (Fig. 
ID) , a porous Si layer 12 having a fragile structure is 
20 formed in the separation region. In place of the porous 
layer, for example, a microcavity layer may be formed. The 
microcavity layer can be formed by, e.g., implanting ions 
into a semiconductor substrate. 

A processing system suitable for bonded substrate 
25 stack separation processing (Fig. ID) in the above process 
of manufacturing, e.g. , an SOI substrate will be described 
below. 
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[First Embodiment] 

Fig. 2 is a plan view showing the schematic 
arrangement of a processing system according to a first 
embodiment of the present invention. A processing system 
5 3000 has a scalar robot 3150 at a predetermined position 
(e.g. , at the center) on a support table 3200 as a conveyor 
mechanism for a bonded substrate stack. Various 
processing apparatuses for handling or processing a bonded 
substrate stack are disposed at equidistant positions 

10 separated from a driving shaft 3151 of the scalar robot 3150 . 
More specifically, in this embodiment, a loader 3 080, 
centering apparatus 3 070, separating apparatus 3020, 
inverting apparatus 313 0, cleaning /drying apparatus 3120, 
third unloader 3110, second unloader 3100, and first 

15 unloader 3 090 are disposed at equidistant positions 

separated from the driving shaft 3151 of the scalar robot 
3150. 

Before processing, a first cassette 3081 storing one 
or a plurality of bonded substrate stacks is placed on the 

20 loader 3080, an empty second cassette 3091 is placed on the 
first unloader 3090, an empty third cassette 3101 is placed 
on the second unloader 3100, and an empty fourth cassette 
3111 is placed on the third unloader 3110. 

The scalar robot 3150 has the robot hand 3152 for 

25 chucking and holding a bonded substrate stack. The robot 
hand 3152 is pivoted in a horizontal plane about the driving 
shaft 3151 and moved close to or away from the driving shaft 
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3151, thereby conveying the bonded substrate stack among 
the apparatuses. 

The centering apparatus 3070 receives a bonded 
substrate stack from the scalar robot 3150, executes 
> Processing (centering) for aligning the center of the 
bonded substrate stack at a predetermined position, and 
then transfers the bonded substrate stack to the scalar 
robot 3150. 

In the embodiment shown in Fig. 2, the separating 
apparatus 3020 ejects a fluid (jetmedium) toward the porous 
layer of a bonded substrate stack to separate the bonded 
substrate stack at the porous layer by the fluid. The 
separating apparatus 3020 is disposed in a chamber 3010 to 
prevent the jet medium (e.g. , water) to be described later 
from scattering to the peripheral portion. The chamber 
3010 has an opening, through which the robot hand 3152 of 
the scalar robot 3150 enters/leaves the chamber, and a 
shutter 3060 for closing the opening. The separating 
apparatus 3020 has a nozzle 3040 for ejecting a jet. The 
position of the nozzle 3040 is controlled by an orthogonal 
robot 3050 . as the separating apparatus 3020, a separating 
apparatus of another type may be employed, as will be 
described later. 

The inverting apparatus 313 0 rotates the upper 
substrate of two separated substrates through 180° to invert 
the substrate (direct the separated surface upward) . The 
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substrate through 180° to turn the substrate. In this case, 
the inverting apparatus 3130 can be omitted. 

The cleaning/drying apparatus 3120 cleans and dries 
separated substrates. A cleaning apparatus and a drying 
5 apparatus, which are separated, may be employed in place 
of the cleaning/drying apparatus 3120. 

The processing system 3000 executes separation 
processing of a bonded substrate stack on the basis of an 
instruction from an operation panel 3140. 

10 Processing procedures of this processing system will 

be described below. First, the first cassette 3081 storing 
bonded substrate stacks (e.g. , the bonded substrate stack 
50 shown in Fig. 1C) to be processed is placed at a 
predetermined position on the loader 3 080 manually or 

15 automatically. The empty second cassette 3 091, third 

cassette 3101, and fourth cassette 3111 are placed on the 
first unloader 3090, second unloader 3100, and third 
unloader 3110, respectively. In this embodiment; the 
second cassette 3091 is used to store upper separated 

20 substrates, the third cassette 3101 is used to store lower 
separated substrates, and the fourth cassette 3111 is used 
to store bonded substrate stacks (or separated substrates) 
for which separation has failed. The first cassette 3 081 
is placed on the loader 3080 such that the stored bonded 

25 substrate stacks become horizontal. The second cassette 
3091, third cassette 3101, and fourth cassette 3111 are 
placed on the first unloader 3090, second unloader 3100, 
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and third unloader 3110, respectively, such that substrates 
can be stored in a horizontal state. 

Fig. 3 is a flow chart for explaining processing 
procedures of the processing system 3 000 for one bonded 
5 substrate stack. InstepSlOl, the scalar robot 3150 chucks 
the lowermost bonded substrate stack in the first cassette 
3081 on the loader 3080, extracts the bonded substrate stack, 
and transfers it to the centering apparatus 3070 while 
maintaining the horizontal state. In step S102, the 

10 centering apparatus 3 070 centers the bonded substrate stack 
and transfers it to the scalar robot 3150. 

In step S103, the shutter 3060 of the chamber 3010 
is opened to transfer the centered bonded substrate stack 
from the scalar robot 3150 to the separating apparatus 3 02 0 . 

15 The scalar robot 3150 preferably transfers the centered 
bonded substrate stack to the separating apparatus 3 02 0 
while supporting the bonded substrate stack from the lower 
side in the horizontal state. This prevents the bonded 
substrate stack from dropping. The bonded substrate stack 

20 transferred to the separating apparatus 3020 has already 
been centered. For this reason, when the robot hand 3152 
of the scalar robot 315 0 is moved to a predetermined 
position to transfer the bonded substrate stack to the 
separating apparatus 3020, the bonded substrate stack can 

25 be positioned to the separating apparatus 3020. 

In step S104, the shutter 3060 of the chamber 3010 
is closed, and separation processing is executed by the 
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separating apparatus 3020. More specifically, in this 
embodiment, the separating apparatus 3 020 ejects a jet from 
the nozzle 3 040 toward the porous layer of the bonded 
substrate stack while rotating the bonded substrate stack 
5 in the horizontal state, and separates the bonded substrate 
stack into two substrates at the porous layer by the jet. 

In step S105, the shutter 3060 of the chamber 3010 
is opened, and the scalar robot 3150 receives the lower 
separated substrate from the separating apparatus 3020 and 

10 transfers this bonded substrate stack to the 

cleaning/drying apparatus 3120. The scalar robot 3150 
preferably receives the substrate from the separating 
apparatus 3 020 and transfers the substrate to the 
cleaning/drying apparatus 3120 while supporting the 

15 substrate from the lower side in the horizontal state . This 
prevents the substrate from dropping. 

In step S106, the cleaning /drying apparatus 312 0 
starts cleaning and drying the lower separated substrate. 
Parallel to the cleaning/drying processing, in step 

20 S107, the scalar robot 3150 receives the upper separated 
substrate from the separating apparatus 3 020 and transfers 
this substrate to the inverting apparatus 3130 . The scalar 
robot 3150 preferably receives the substrate from the 
separating apparatus 3 02 0 and transfers it to the inverting 

25 apparatus 3130 while supporting the substrate from the 
upper side in the horizontal state. With this arrangement, 
chips sticking to the separated surface rarely stick to the 



- 23 - 



driving shaft 3151 of the scalar robot 3150. 

In step S108, the inverting apparatus 3130 rotates 
the received substrate through 180°. Processing waits 
until cleaning/drying processing of the lower substrate by 
5 the cleaning /drying apparatus 3120 is ended. 

In step S109, the scalar robot 3150 receives the lower 
substrate from the cleaning/drying apparatus 312 0 and 
stores the substrate in the second cassette 3091 on the 
first unloader 3090. The scalar robot 3150 preferably 

10 receives the substrate from the separating apparatus 3 02 0 
and stores it in the second cassette 3091 while supporting 
the substrate from the lower side in the horizontal state. 
This prevents the substrate from dropping. 

In step S110, the scalar robot 3150 receives the upper 

15 substrate from the inverting apparatus 313 0 and transfers 
the substrate to the cleaning/drying apparatus 312 0. The 
scalar robot 3150 preferably receives the substrate and 
transfers it to the cleaning/drying apparatus 312 0 while 
supporting the substrate from the lower side in the 

20 horizontal state. This prevents the substrate from 
dropping . 

In step Sill, the cleaning/drying apparatus 312 0 
cleans and dries the upper substrate. In step S112, the 
scalar robot 3150 receives the upper substrate from the 
25 cleaning /drying apparatus 3120 and stores the substrate in 
the third cassette 3101 on the second unloader 3100. The 
scalar robot 3150 preferably receives the substrate from 
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the cleaning /drying apparatus 3120 and stores it in the 
third cassette 3101 while supporting the substrate from the 
lower side in the horizontal state. This prevents the 
substrate from dropping. 
5 In processing shown in Fig. 3, the lower separated 

substrate is cleaned and dried first. Conversely, the 
upper separated substrate may be cleaned and dried first. 
In this case, processing progresses in the order of, e.g. , 
steps S101, S102, S103, S104, S107, S108, S110, Sill, S112, 

10 S105, S106, and S109. 

In the processing system 3 000, the scalar robot 3150 
stores a substrate for which separation has failed in the 
fourth cassette 3111 on the third unloader 3110 in 
accordance with an instruction input from the operator via 

15 the operation panel 3140. Instead of recognizing a 

separation failure in accordance with an instruction from 
the operator, a separation state monitor apparatus may be 
prepared to detect a separation failure. 

Operation of the processing system 3000 for one bonded 

20 substrate stack has been described above. In the 

processing system 3000, a plurality of bonded substrate 
stacks can be parallelly processed. 

Fig. 4 is a view showing an example of processing 
procedures for parallelly processing a plurality of bonded 

25 substrate stacks. Referring to Fig. 4, "centering" is 
centering processing by the centering apparatus 3070, 
"separation" is separation processing by the separating 
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apparatus 3020, "inverting" is inverting processing by the 
inverting apparatus 313 0, and "cleaning /drying" is 
cleaning /drying processing by the cleaning /drying 
apparatus 3120. Tl to T6 are periods for which one bonded 
5 substrate stack (after separation, two, upper and lower 
substrates) is processed by one apparatus. In addition, 
"#1" to "#6" denote bonded substrate stack numbers, "#1" 
to "#6" with a suffix "a" denote separated upper substrates, 
and "#1" to "#6" with a suffix "b" denote separated lower 

10 substrates. 

In the example shown in Fig. 4, during the period Tl , 
only centering processing of bonded substrate stack #1 is 
executed. During the period T2 , separation processing of 
bonded substrate stack #1 and centering processing of 

15 bonded substrate stack #2 are parallelly executed. 

During the period T3 , separation processing of bonded 
substrate stack #2, centering processing of bonded, 
substrate stack #3 , inverting processing of upper substrate 
#la obtained by separating bonded substrate stack #1, and 

20 cleaning /drying processing of two substrates #la and #lb 
obtained by separating bonded substrate stack #1 are 
parallelly executed. In the example shown in Fig. 4, in 
the first half period of the period T3 , turning processing 
of upper substrate #la and cleaning/drying processing of 

25 lower substrate #lb are executed parallel to centering 
processing and separation processing. In the second half 
period of the period T3 , cleaning /drying processing of 
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inverted upper substrate #la is executed parallel to 
centering processing and separation processing. 

Fig. 5 is a view showing an example of convey 
processing of a bonded substrate stack or separated 
5 substrate by the scalar robot and processing execution 
procedures of the apparatuses. Referring to Fig. 5, 
horizontal lines represent processing by the apparatuses, 
and oblique lines represent substrate convey processing by 
the scalar robot 3150. 

10 In the processing system 3 000 according to this 

embodiment, since only one scalar robot 3150 is used as a 
robot for conveying a bonded substrate stack or separated 
substrate, a plurality of bonded substrate stacks or 
separated substrates cannot be simultaneously conveyed. 

15 However, the time required by the scalar robot 3150 

for convey processing is normally sufficiently shorter than 
the time of separation processing by the separating 
apparatus 3020 . Hence, one robot suffices to convey bonded 
substrate stacks or separated substrates. When a 

20 plurality of bonded substrate stacks or separated 

substrates need be simultaneously conveyed, e.g. , when the 
processing efficiency becomes low with only one robot, a 
plurality of robots (e.g., scalar robots) may be used. 
As described above, according to this processing 

25 system, a plurality of bonded substrate stacks can be 
parallelly processed, resulting in a high throughput. 

According to this embodiment, since a bonded substrate 
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stack or separated substrate is conveyed in the horizontal 
state, a robot (e.g., a scalar robot) with a relatively 
simple structure can be employed as a conveyor mechanism. 
According to this embodiment, the apparatuses are 

5 disposed at substantially equidistant positions separated 
from a predetermined position (driving shaft of the scalar 
robot) . When the robot hand 3152 is pivoted about the 
driving shaft 3151 in the horizontal plane and moved close 
to or away from the driving shaft 3151, a bonded substrate 

0 stack or separated substrate can be conveyed among the 
apparatuses. Hence, for example, no driving mechanism for 
moving the scalar robot 3150 in the horizontal plane need 
be prepared. 
[Second Embodiment] 

5 Fig. 14 is a plan view showing the schematic 

arrangement of a processing system according to the second 
embodiment of the present invention. In a processing 
system 6000, a bonded substrate stack is extracted from a 
cassette and separated, and separated substrates are 

D cleaned and dried, classified, and stored in cassettes. 
This processing system 6000 has, as a bonded 
substrate stack conveyor mechanism, a scalar robot 6150 and 
horizontal driving shaft 6160 for linearly driving the 
scalar robot 6150. In the processing system 6000, the 

5 scalar robot 6150 is linearly moved along the horizontal 
driving shaft 6160, and simultaneously, a robot hand 6152 
of the scalar robot 6150 is pivoted about a pivot shaft 6151 
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in a horizontal plane to move the robot hand 6152 close to 
or away from the pivot shaft 6151, thereby conveying a 
bonded substrate stack or separated substrate among the 
apparatuses . 

5 The processing system 6000 has various processing 

apparatuses for handling or processing a bonded substrate 
stack or separated substrate at positions where a bonded 
substrate stack or separated substrate can be transferred 
between the apparatuses and the robot hand 6152 of the 
10 scalar robot 6150. These processing apparatuses are 

preferably disposed at substantially equidistant positions 
separated from the position whe re the scalar robot 6150 can 
move . 

More specifically, in this embodiment, the 
15 processing system 6000 has an inverting apparatus 6130, 
centering apparatus 6120, and cleaning/drying apparatus 
6110 as processing apparatuses for manipulating a bonded 
substrate stack or separated substrate or physically or 
chemically processing a bonded substrate stack or separated 
20 substrate on one side of the horizontal driving shaft 6160 
at substantially equidistant positions separated from the 
horizontal driving shaft 6160. In this embodiment, the 
processing system 6000 has a loader 6070, first unloader 
6080, second unloader 6090, and third unloader 6100 as 
25 processing apparatuses for handling a bonded substrate 
stack or separated substrate on the other side of the 
horizontal driving shaft 6160 at substantially equidistant 
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positions separated from the horizontal driving shaft 6160 . 
In this embodiment, a separating apparatus 6020 is disposed 
at a position separated from one end of the horizontal 
driving shaft 6160 by a predetermined distance. 
5 Before processing, a first cassette 6071 storing one 

or a plurality of bonded substrate stacks is placed on the 
loader 6070, an empty second cassette 6081 is placed on the 
first unloader 6080, an empty third cassette 6091 is placed 
on the second unloader 6090, and an empty fourth cassette 

10 6101 is placed on the third unloader 6100. 

The centering apparatus 6120 receives a bonded 
substrate stack from the scalar robot 6150, executes 
processing (centering) for aligning the center of the 
bonded substrate stack at a predetermined position, and 

15 then transfers the bonded substrate stack to the scalar 
robot 6150. 

The inverting apparatus 6130 rotates the upper 
substrate of two separated substrates through 180° to invert 
the substrate (direct the separated surface upward) . The 

20 scalar robot 6150 may have a function of rotating a 

substrate through 180° to invert the substrate. In this 
case, the inverting apparatus 6130 can be omitted. 

In the embodiment shown in Fig. 14, the separating 
apparatus 6020 ejects a fluid (jet medium) toward the porous 

25 layer of a bonded substrate stack to separate the bonded 
substrate stack at the porous layer by the fluid. The 
separating apparatus 6020 is disposed in a chamber 6010 to 
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prevent the jet medium (e.g., water) to be described later 
from scattering to the peripheral portion. The chamber 
6010 has an opening, through which the robot hand 6152 of 
the scalar robot 6150 enters/leaves the chamber, and a 
5 shutter 6060 for closing the opening. The separating 
apparatus 6020 has a nozzle 6040 for ejecting a jet. The 
position of the nozzle 6040 is controlled by an orthogonal 
robot 6050. As the separating apparatus 6020, a separating 
apparatus of another type may be employed, as will be 

10 described later. 

The cleaning/drying apparatus 6110 cleans and dries 
separated substrates. A cleaning apparatus and a drying 
apparatus, which are separated, may be employed in place 
of the cleaning/drying apparatus 6110. 

15 The processing system 6000 executes separation 

processing of a bonded substrate stack on the basis of an 
instruction from an operation panel 6140. 

Processing procedures of this processing system will 
be described below. First, the first cassette 6071 storing 

20 bonded substrate stacks (e.g., the bonded substrate stack 
50 shown in Fig. 1C) to be processed is placed at a 
predetermined position on the loader 6070 manually or 
automatically. The empty second cassette 6081, third 
cassette 6091, and fourth cassette 6101 are placed on the 

25 first unloader 6080, second unloader 6090, and third 
unloader 6100, respectively. 

In this embodiment, the second cassette 6081 is used 
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to store lower separated substrates, the third cassette 
6091 is used to store upper separated substrates, and the 
fourth cassette 6101 is used to store bonded substrate 
stacks (or separated substrates) for which separation has 
5 failed. 

The first cassette 6071 is placed on the loader 6070 
such that the stored bonded substrate stacks become 
horizontal . The second cassette 6081, third cassette 6091, 
and fourth cassette 6101 are placed on the first unloader 

10 6080, second unloader 6090, and third unloader 6100, 
respectively, such that substrates can be stored in a 
horizontal state. 

Fig. 3 is a flow chart for explaining processing 
procedures of the processing system 6000 for one bonded 

15 substrate stack. In step S101, the scalar robot 6150 chucks 
the lowermost bonded substrate stack in the first cassette 
6071 on the loader 6070, extracts the bonded substrate stack, 
and transfers it to the centering apparatus 6120 while 
maintaining the horizontal state. In step S102, the 

20 centering apparatus 6120 centers the bonded substrate stack 
and transfers it to the scalar robot 6150. 

In step S103, the shutter 6060 of the chamber 6010 
is opened to transfer the centered bonded substrate stack 
from the scalar robot 6150 to the separating apparatus 6020 . 

25 The scalar robot 6150 preferably transfers the centered 
bonded substrate stack to the separating apparatus 6020 
while supporting the bonded substrate stack from the lower 
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side in the horizontal state. This prevents the bonded 
substrate stack from dropping. The bonded substrate stack 
transferred to the separating apparatus 6020 has already 
been centered. For this reason, when the robot hand 6152 
5 of the scalar robot 6150 is moved to a predetermined 
position to transfer the bonded substrate stack to the 
separating apparatus 6020, the bonded substrate stack can 
be positioned to the separating apparatus 6020. 

In step S104, the shutter 6060 of the chamber 6010 

10 is closed, and separation processing is executed by the 
separating apparatus 6020. More specifically, in this 
embodiment, the separating apparatus 6020 ejects a jet from 
the nozzle 6040 toward the porous layer of the bonded 
substrate stack while rotating the bonded substrate stack 

15 in the horizontal state, and separates the bonded substrate 
stack into two substrates at the porous layer by the jet. 

In step S105, the shutter 6060 of the chamber 6010 
is opened, and the scalar robot 6150 receives the lower 
separated substrate from the separating apparatus 6020 and 

20 transfers this substrate to the cleaning/drying apparatus 
6110. The scalar robot 6150 preferably receives the 
substrate from the separating apparatus 6020 and transfers 
the substrate to the cleaning/drying apparatus 6110 while 
supporting the substrate from the lower side in the 

25 horizontal state. This prevents the substrate from 
dropping . 
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starts cleaning and drying the lower separated substrate. 
Parallel to the cleaning/drying processing, in step 
S107, the scalar robot 6150 receives the upper separated 
substrate from the separating apparatus 6020 and transfers 
5 this substrate to the inverting apparatus 6130. The scalar 
robot 6150 preferably receives the substrate from the 
separating apparatus 6020 and transfers it to the inverting 
apparatus 6130 while supporting the substrate from the 
upper side in the horizontal state. With this arrangement, 

10 chips sticking to the separated surface rarely stick to the 
robot hand 6152 of the scalar robot 6150. Also, any damage 
to the substrate due to the chips can be prevented. 

In step S108, the inverting apparatus 6130 rotates 
the received substrate through 180°. Processing waits 

15 until cleaning/drying processing of the lower substrate by 
the cleaning/drying apparatus 6110 is ended. 

In step S109, the scalar robot 6150 receives the lower 
substrate from the cleaning/drying apparatus 6110 and 
stores the substrate in the second cassette 6081 on the 

20 first unloader 6080. The scalar robot 6150 preferably 
receives the substrate from the separating apparatus 6020 
and stores it in the second cassette 6081 while supporting 
the substrate from the lower side in the horizontal state. 
This prevents the substrate from dropping. 

25 In step S110, the scalar robot 6150 receives the upper 

substrate from the inverting apparatus 6130 and transfers 
the substrate to the cleaning/drying apparatus 6110. The 
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scalar robot 6150 preferably receives the substrate from 
the inverting apparatus 6130 and transfers the substrate 
to the cleaning/drying apparatus 6110 while supporting the 
substrate from the lower side in the horizontal state. This 
5 prevents the substrate from dropping. 

In step Sill, the cleaning/drying apparatus 6110 
cleans and dries the upper substrate. In step S112, the 
scalar robot 6150 receives the upper substrate from the 
cleaning/drying apparatus 6110 and stores the substrate in 

10 the third cassette 6091 on the second unloader 6090. The 
scalar robot 6150 preferably receives the substrate from 
the cleaning/drying apparatus 6110 and stores it in the 
third cassette 6091 on the second unloader 6090 while 
supporting the substrate from the lower side in the 

15 horizontal state. This prevents the substrate from 
dropping. 

In processing shown in Fig. 3, the lower separated 
substrate is cleaned and dried first. Conversely, the 
upper separated substrate may be cleaned and dried first. 

20 In this case, processing progresses in the order of, e.g., 
steps S101, S102, S103, S104, S107, S108, S110, Sill, S112, 
S105, S106, and S109. 

In the processing system 6000, the scalar robot 6150 
stores a substrate for which separation has failed in the 

25 fourth cassette 6101 on the third unloader 6100 in 

accordance with an instruction input from the operator via 



the operation panel 6140. Instead of recognizing a 



separation failure in accordance with an instruction from 
the operator, a separation state monitor apparatus may be 
prepared to detect a separation failure. 

Operation of the processing system 6000 for one bonded 
5 substrate stack has been described above. In the 

processing system 6000, a plurality of bonded substrate 
stacks can be parallelly processed. 

Fig. 5 is a view showing an example of convey 
processing of a bonded substrate stack or separated 

10 substrate by the scalar robot and processing execution 
procedures of the apparatuses. Referring to Fig. 5, 
horizontal lines represent processing by the apparatuses, 
and oblique lines represent substrate convey processing by 
the scalar robot 6150. In addition, "#1" to "#3" denote 

15 bonded substrate stack numbers, numbers with a suffix "a" 
denote separated upper substrates, and numbers with a 
suffix "b" denote separated lower substrates. 

In the processing system 6000 according to this 
embodiment, since only one scalar robot 6150 is used as a 

20 robot for conveying a bonded substrate stack or separated 
substrate, a plurality of bonded substrate stacks or 
separated substrates cannot be simultaneously conveyed. 

However, the time required by the scalar robot 6150 
for convey processing is normally sufficiently shorter than 

25 the time of separation processing by the separating 

apparatus 6020. Hence, one robot suffices to convey bonded 
substrate stacks or separated substrates. When a 
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plurality of bonded substrate stacks or separated 
substrates need be simultaneously conveyed, e.g., when the 
processing efficiency becomes low with only one robot, a 
plurality of robots (e.g., scalar robots) may be used. 
5 As described above, according to the processing system 

6000, a plurality of bonded substrate stacks can be 
parallelly processed, resulting in a high throughput. 

According to this embodiment, since a bonded substrate 
stack or separated substrate is conveyed in the horizontal 

10 state, a robot (e.g., a scalar robot) with a relatively 
simple structure can be employed as a conveyor mechanism. 

According to this embodiment, the apparatuses are 
disposed at substantially equidistant positions separated 
from the range where the scalar robot 6150 can move. When 

15 the scalar robot 6150 is moved along the horizontal driving 
shaft 6160, and simultaneously, the robot hand 6152 is 
pivoted about the pivot shaft 6151 in a horizontal plane 
to move the robot hand 6152 close to or away from the pivot 
shaft 6151, a bonded substrate stack or separated substrate 

20 can be conveyed among the apparatuses. Hence, a bonded 
substrate stack or separated substrate can be efficiently 
transferred to a desired apparatus. 
[Third Embodiment] 

Fig. 15 is a plan view showing the schematic 

25 arrangement of a processing system according to the third 
embodiment of the present invention. In a processing 
system 6500, a bonded substrate stack is extracted from a 
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cassette and separated, and separated substrates are 
cleaned and dried, classified, and stored in cassettes, as 
in the processing system 6000 of the first embodiment. 
However, the processing system 6500 is different from the 
5 first embodiment in that the system has two separating 
apparatuses . 

This processing system 6500 has, as a bonded 
substrate stack conveyor mechanism, a scalar robot 6150 and 
a horizontal driving shaft 6160 for linearly driving the 

10 scalar robot 6150. In the processing system 6500, the 
scalar robot 6150 is linearly moved along the horizontal 
driving shaft 6160, and simultaneously, a robot hand 6152 
of the scalar robot 6150 is pivoted about a pivot shaft 6151 
in a horizontal plane to move the robot hand 6152 close to 

15 or away from the pivot shaft 6151, thereby conveying a 
bonded substrate stack or separated substrate among the 
apparatuses. 

The processing system 6500 has various processing 
apparatuses for handling or processing a bonded substrate 

20 stack or separated substrate at positions where a bonded 
substrate stack or separated substrate can be transferred 
between the apparatuses and the robot hand 6152 of the 
scalar robot 6150. These processing apparatuses are 
preferably disposed at substantially equidistant positions 

25 separated from the position where the scalar robot 6150 can 
move . 

More specifically, in this embodiment, the 
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processing system 6500 has an inverting apparatus 6130, 
centering apparatus 6120, and cleaning/drying apparatus 
6110 as processing apparatuses for manipulating a bonded 
substrate stack or separated substrate or physically or 
5 chemically processing a bonded substrate stack or separated 
substrate on one side of the horizontal driving shaft 6160 
at substantially equidistant positions separated from the 
horizontal driving shaft 6160. In this embodiment, the 
processing system 6500 has a loader 6070, first unloader 

10 6080, second unloader 6090, and third unloader 6100 as 
processing apparatuses for handling a bonded substrate 
stack or separated substrate on the other side of the 
horizontal driving shaft 6160 at substantially equidistant 
positions separated from the horizontal driving shaft 6160 . 

15 In this embodiment, a first separating apparatus 6020 

is disposed at a position separated from one end of the 
horizontal driving shaft 6160 by a predetermined distance . 
A second separating apparatus 6320 is disposed at a position 
separated from the other end of the horizontal driving shaft 

20 6160 by a predetermined distance. The first separating 
apparatus 6020 and second separating apparatus 6320 may 
have identical or different arrangements. 

In the embodiment shown in Fig. 15, the first 
separating apparatus 6020 is disposed in a chamber 6010 to 

25 prevent the jet medium (e.g. , water) from scattering to the 
peripheral portion. The chamber 6010 has an opening, 
through which the robot hand 6152 of the scalar robot 6150 
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enters/leaves the chamber, and a shutter 6060 for closing 
the opening. The separating apparatus 6020 has a nozzle 
6040 for ejecting a jet- The position of the nozzle 6040 
is controlled by an orthogonal robot 6050. As the 
5 separating apparatus 6020, a separating apparatus of 

another type may be employed, as will be described later. 

Similarly, the second separating apparatus 6320 is 
disposed in a chamber 6310 to prevent the jet medium (e.g. , 
water) from scattering to the peripheral portion. The 

10 chamber 6310 has an opening, through which the robot hand 
6152 of the scalar robot 6150 enters/leaves the chamber, 
and a shutter 6360 for closing the opening. The separating 
apparatus 6320 has a nozzle 6340 for ejecting a jet. The 
position of the nozzle 6340 is controlled by an orthogonal 

15 robot 6350. As the separating apparatus 6320, a separating 
apparatus of another type may be employed, as will be 
described later. 

Processing procedures of this processing system will 
be described below. First, the first cassette 6071 storing 

20 bonded substrate stacks to be processed is placed at a 
predetermined position on the loader 6070 manually or 
automatically. The empty second cassette 6081, third 
cassette 6091, and fourth cassette 6101 are placed on the 
first unloader 6080, second unloader 6090, and third 

25 unloader 6100, respectively. 

In this embodiment, the second cassette 6081 is used 
to store lower separated substrates, the third cassette 
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6091 is used to store upper separated substrates, and the 
fourth cassette 6101 is used to store bonded substrate 
stacks (or separated substrates) for which separation has 
failed. 

5 The first cassette 6071 is placed on the loader 6070 

such that the stored bonded substrate stacks become 
horizontal. The second cassette 6081 , third cassette 6091, 
and fourth cassette 6101 are placed on the first unloader 
6080, second unloader 6090, and third unloader 6100, 

10 respectively, such that substrates can be stored in a 
horizontal state. 

Fig. 3 is a flow chart for explaining processing 
procedures of the processing system 6500 for one bonded 
substrate stack. In step S101, the scalar robot 6150 chucks 

15 the lowermost bonded substrate stack in the first cassette 
6071 on the loader 6070, extracts the bonded substrate stack, 
and transfers it to the centering apparatus 6120 while 
maintaining the horizontal state. In step S102, the 
centering apparatus 6120 centers the bonded substrate stack 

20 and transfers it to the scalar robot 6150. 

In step S103, to process, e.g., an odd-numbered 
bonded substrate stack, the shutter 6060 of the chamber 6010 
is opened to transfer the centered bonded substrate stack 
from the scalar robot 6150 to the first separating apparatus 

25 6020. On the other hand, in step S103, to process, e.g., 
an even-numbered bonded substrate stack, the shutter 6360 
of the chamber 6310 is opened to transfer the centered 
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bonded substrate stack from the scalar robot 6150 to the 
second separating apparatus 6320. 

InstepS104, to process, e.g., an odd-numbered bonded 
substrate stack, the shutter 6060 of the chamber 6010 is 
5 closed, and separation processing is executed by the first 
separating apparatus 6020. On the other hand, to process, 
e.g. , an even-numbered bonded substrate stack, the shutter 
6360 of the chamber 6310 is closed, and separation 
processing is executed by the second separating apparatus 
10 6320. 

In step S105, to process, e.g., an odd-numbered bonded 
substrate stack, the shutter 6060 of the chamber 6010 is 
opened, and the scalar robot 6150 receives the lower 
separated substrate from the first separating apparatus 

15 6020 and transfers this substrate to the cleaning/drying 
apparatus 6110. On the other hand, to process, e.g., an 
even-numbered bonded substrate stack, the shutter 6360 of 
the chamber 6310 is opened, and the scalar robot 6150 
receives the lower separated substrate from the second 

20 separating apparatus 6320 and transfers this substrate to 
the cleaning/drying apparatus 6110. 

In step S106, the cleaning/drying apparatus 6110 
starts cleaning and drying the lower separated substrate. 

Parallel to the cleaning/drying processing, in step 

25 S107, to process, e.g., an odd-numbered bonded substrate 
stack, the scalar robot 6150 receives the upper separated 
substrate from the first separating apparatus 6020 and 
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transfers this substrate to the inverting apparatus 6130. 
On the other hand, to process, e.g., an even-numbered bonded 
substrate stack, the scalar robot 6150 receives the upper 
separated substrate from the second separating apparatus 
5 6320 and transfers this substrate to the inverting 
apparatus 6130. 

In step S108, the inverting apparatus 6130 rotates 
the received substrate through 180°. Processing waits 
until cleaning/drying processing of the lower substrate by 

10 the cleaning/drying apparatus 6110 is ended. 

In step S109, the scalar robot 6150 receives the lower 
substrate from the cleaning/drying apparatus 6110 and 
stores the substrate in the second cassette 6081 on the 
first unloader 6080. 

15 In step S110, the scalar robot 6150 receives the upper 

substrate from the inverting apparatus 6130 and transfers 
the substrate to the cleaning/drying apparatus 6110. 

In step Sill, the cleaning/drying apparatus 6110 
cleans and dries the upper substrate. In step S112, the 

20 scalar robot 6150 receives the upper substrate from the 
cleaning/drying apparatus 6110 and stores the substrate in 
the third cassette 6091 on the second unloader 6090. 

In processing shown in Fig. 3, the lower separated 
substrate is cleaned and dried first. Conversely, the 

25 upper separated substrate may be cleaned and dried first. 
In this case, processing progresses in the order of, e.g., 
steps S101, S102, S103, S104, S107, S108, S110, Sill, S112, 
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S105, S106, and S109. 

In the processing system 6500, the scalar robot 6150 
stores a substrate for which separation has failed in the 
fourth cassette 6101 on the third unloader 6100 in 
5 accordance with an instruction input from the operator via 
an operation panel 6140. Instead of recognizing a 
separation failure in accordance with an instruction from 
the operator, a separation state monitor apparatus may be 
prepared to detect a separation failure. 

10 Operation of the processing system 6500 for one odd- or 

even-numbered bonded substrate stack has been described 
above . In the processing system 6500, a plurality of bonded 
substrate stacks can be parallelly processed. 

Fig. 16 is a view showing an example of convey 

15 processing of a bonded substrate stack or separated 

substrate by the scalar robot and processing execution 
procedures of the apparatuses. Referring to Fig. 16, 
horizontal lines represent processing by the apparatuses, 
and oblique lines represent substrate convey processing by 

20 the scalar robot 6150. In addition, "#1" to "#7" denote 
bonded substrate stack numbers, numbers with a suffix "a" 
denote separated upper substrates, and numbers with a 
suffix "b" denote separated lower substrates. 

In the processing system 6500 according to this 

25 embodiment, since only one scalar robot 6150 is used as a 
robot for conveying a bonded substrate stack or separated 
substrate, a plurality of bonded substrate stacks or 
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separated substrates cannot be simultaneously conveyed. 

However, the time required by the scalar robot 6150 
for convey processing is normally sufficiently shorter than 
the time of separation processing by the separating 
5 apparatus 6020. Hence, one robot suffices to convey bonded 
substrate stacks or separated substrates. When a 
plurality of bonded substrate stacks or separated 
substrates need be simultaneously conveyed, e.g., when the 
processing efficiency becomes low with only one robot, a 

10 plurality of robots (e.g., scalar robots) may be used. 

In this embodiment, two separating apparatuses are 
used assuming that, of centering processing, separation 
processing, turning processing, and cleaning/drying 
processing, separation processing takes the longest time. 

15 If another processing requires the longest time, two 

processing apparatuses for executing this processing are 
used. Under the above assumption, a separating apparatus 
capable of simultaneously separating two or more bonded 
substrate stacks may be used. 

20 As described above, according to the processing 

system 6500, since a plurality of apparatuses for executing 
processing that requires a long time are prepared, the total 
processing time can be shortened as compared to the first 
embodiment, resulting in a high throughput. In addition, 

25 the same effects as in the processing system 6000 of the 
first embodiment can be obtained by the processing system 
6500 of the second embodiment. 
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The arrangements of the separating apparatus 
suitable for first to third embodiments will be described 
next. 

[First Arrangement of Separating Apparatus] 
5 The first arrangement of the separating apparatus 

uses the water jet method. Generally, the water jet method 
ejects a high-speed, high-pressure stream of water to an 
object to, e.g., cut or process a ceramic , metal, concrete, 
resin, rubber, or wood, remove a coating film from the 

10 surface, or clean the surface ("Water Jet", Vol. 1, No. 1, 
page 4 (1984) ) . 

This separating apparatus ejects a stream of fluid 
to the porous layer (separation region) as a fragile 
structure of a bonded substrate stack to selectively break 

15 the porous layer, thereby separating the substrate stack 
at the porous layer. The stream will be referred to as a 
"jet" in this specification. The fluid forming a jet will 
be referred to as a "jet medium". As the jet medium, it 
is possible to use water, an organic solvent such as alcohol , 

20 an acid such as hydrofluoric acid or nitric acid, an alkali 
such as potassium hydroxide, a gas such as air, nitrogen 
gas, carbonic acid gas, a rare gas, or an etching gas, or 
a plasma. 

When this separating apparatus is applied to 
25 manufacture a semiconductor device or separate, e.g., a 
bonded substrate stack, pure water with minimum impurity 
metals or particles is preferably used as the fluid forming 
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a jet . 

The jet ejecting conditions can be determined in 
accordance with, e.g. , the type of separation region (e.g. , 
a porous layer) or the shape of the side surfaces of the 
5 bonded substrate stack. As the jet ejecting conditions, 
for example, pressure to be applied to the jet medium, jet 
scanning speed, nozzle width or diameter (the diameter is 
substantially the same as the jet diameter) , nozzle shape, 
distance between the nozzle and the separation region, and 

10 flow rate of the jet are used as important parameters. 

According to the separating method using the water 
jet method, a bonded substrate stack can be separated into 
two substrates without damaging the bonded substrate stack. 

This separating apparatus holds a sample such as a 

15 bonded substrate stack while setting the sample surface 
substantially horizontally, and in this state, separates 
the sample at the fragile structure (e.g. , a porous layer) . 
When the sample is held with its surface set horizontally, 
for example, (1) the sample can be prevented from dropping, 

20 (2) the sample can be easily held, (3) the sample can be 
easily conveyed, (4) the sample can be efficiently 
transferred between the separating apparatus and another 
apparatus, and (5) the projection area (occupation area) 
of the separating apparatus can be reduced because the 

25 constituent elements can be disposed in the vertical 
direction . 

Fig. 6 is a schematic view showing the first 
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arrangement of the separating apparatus. A separating 
apparatus 1000 has a pair of substrate holding portions 270 
and 1010. 

The upper substrate holding portion 270 is coupled 
5 to one end of a rotating shaft 140. The other end of the 
rotating shaft 140 is coupled to the rotating shaft of a 
motor 110 via a coupling 130. The motor 110 and rotating 
shaft 14 0 may be coupled not via the coupling 13 0 but via, 
e.g. , a belt or another mechanism. The motor 110 is fixed 

10 to a support member 120 fixed on an upper table 170. The 
motor is controlled by a control section (not shown) . 

A vacuum line 141 for vacuum- chucking the bonded 
substrate stack 50 on the substrate holding portion 270 
extends through the rotating shaft 140. The vacuum line 

15 141 is connected to an external vacuum line via a ring 150. 
The external vacuum line has a solenoid valve (not shown) . 
The solenoid valve is ON/OFF-controlled by the control 
section (not shown) as needed. The substrate holding 
portion 270 has a suction hole 271 for vacuum-chucking the 

20 bonded substrate stack 50. The suction hole 271 is 

connected to the vacuum line 141. The suction hole 271, 
vacuum line 141, and solenoid valve construct the vacuum 
chuck mechanism of the substrate holding portion 270. The 
rotating shaft 140 is supported by the upper table 17 0 via 

25 a bearing 160. 

The lower substrate holding portion 1010 has a 
Bernoulli chuck 1013. The Bernoulli chuck 1013 ejects a 
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gas from the center of the shade-shaped chuck radially along 
the shade and chucks a sample such as a bonded substrate 
stack using the fact that the central portion of the chuck 
has negative pressure. 
5 The substrate holding portion 1010 having the 

Bernoulli chuck 1013 is coupled to one end of an elevating 
shaft 1020. A gas introduction portion 1011 of the 
Bernoulli chuck 1013 is coupled to a pressure line 1021 in 
the elevating shaft 1020. The pressure line 1021 is 

10 connected to an external pressure line via a ring 1022 . The 
external pressure line has a solenoid valve (not shown) . 
The solenoid valve is ON/OFF-controlled by the control 
section (not shown) as needed. 

The other end of the elevating shaft 1020 is coupled 

15 to the piston rod of an air cylinder 320 via a coupling 33 0. 
The elevating shaft 1020 is supported by a lower table 240 
via a reciprocal/rotational guide 1030. 

The nozzle 3040 is controlled by the above-described 
orthogonal robot 3 050. A shutter 3 03 0 is inserted between 

20 the nozzle 3040 and the substrate holding portions 270 and 
1010. The shutter 3030 is opened/closed by a motor 250. 
When the shutter 3030 is open, and in this state, the jet 
is ejected from the nozzle 3 040, the jet can be injected 
into the bonded substrate stack 50. When the shutter 3030 

2 5 is closed, jet injection into the bonded substrate stack 
50 can be stopped. 

Procedures of separation processing by the separating 
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apparatus 1000 will be described below. The air cylinder 
320 retracts the piston rod to form an appropriate gap 
between the substrate holding portion 270 and the substrate 
holding portion 1010. In this state, the bonded substrate 
5 stack 50 is horizontally supported by robot hand 3152 of 
the scalar robot 3150 from the lower side, inserted to a 
predetermined position between the substrate holding 
portion 270 and the substrate holding portion 1010, and 
placed on the substrate holding portion 1010. 

10 Fig. 7 is a view schematically showing the outer 

appearance of the substrate holding portions 270 and 1010. 
The substrate holding portions 270 and 1010 have, at their 
outer peripheral portions, a plurality of guide members 
270a and 1010a for preventing a bonded substrate stack from 

15 causing a positional shift or projecting from the substrate 
holding portions during separation, respectively. 

To make it possible for the robot hand 3152 of the 
scalar robot 3150 to transfer the bonded substrate stack 
50 to the substrate holding portion 270 or substrate holding 

20 portion 1010 while supporting the bonded substrate stack 
50 from the lower side or to chuck the lower surface of each 
separated substrate (the upper surface is the separated 
surface) and allow the robot hand 3152 to receive the 
substrates from the substrate holding portions 270 and 1010 , 

25 for example, the plurality of guide members 270a and 1010a 
are preferably arranged at an appropriate interval, as 
shown in Fig. 7, such that the robot hand 3152 can 
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enter /leave. For example, three guide members 27 0a and 
three guide members 1010a are arranged at an angular 
interval of 120°. 

Next, the air cylinder 320 extends the piston rod to 
5 move the lower substrate holding portion 1010 upward until 
the upper surface of the bonded substrate stack 50 and the 
support portion of the upper substrate holding portion 27 0 
have a predetermined distance therebetween. 

The solenoid valve of the external pressure line is 
10 opened, and a gas is radially ejected from the center of 
the Bernoulli chuck 1013 of the substrate holding portion 
1010 to chuck the bonded substrate stack 50. 

The motor 110 is actuated to transmit the rotational 
force to the rotating shaft 140. The rotating shaft 140, 
15 substrate holding portion 270, bonded substrate stack 50, 
substrate holding portion 1010, and rotating shaft 1020 
rotate integrally . 

While keeping the shutter 3 030 closed, a pump (not 
shown) connected to the nozzle 3 040 is actuated to feed a 
20 high-pressure jet medium (e.g. , water) to the nozzle 3040. 
A high-pressure jet is ejected from the nozzle 3040. When 
the jet stabilizes, the shutter 3030 is opened. The jet 
ejected from the nozzle 3 040 is continuously injected into 
the porous layer of the bonded substrate stack 50 to start 
25 separating the bonded substrate stack 50. 

When separation of the bonded substrate stack 50 is 
ended, the shutter 3 03 0 is closed, and the pump connected 
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to the nozzle 3 040 is stopped to stop jet injection into 
the bonded substrate stack 50. The operation of the motor 
110 is also stopped. 

While keeping the Bernoulli chuck 1013 of the 
5 substrate holding portion 1010 actuated, the vacuum chuck 
mechanism of the substrate holding portion 270 is actuated. 
The upper separated substrate is vacuum- chucked by the 
substrate holding portion 270. Simultaneously, the lower 
separated substrate is chucked by the Bernoulli chuck of 

10 the substrate holding portion 1010. 

The air cylinder 320 retracts the piston rod to form 
an appropriate gap between the substrate holding portion 
270 and the substrate holding portion 1010. The two 
separated substrates are separated from each other. 

15 The robot hand 3152 of the scalar robot 3150 is 

inserted between the substrate and the Bernoulli chuck 1013 
of the substrate holding portion 1010 . The robot hand 3152 
chucks the substrate. After this, chuck by the Bernoulli 
chuck 1013 of the substrate holding portion 1010 is canceled, 

20 and the substrate is transferred from the substrate holding 
portion 1010 to the robot hand 3152. 

The robot hand 3152 of the scalar robot 3150 is 
inserted between the substrate holding portion 270 and the 
substrate. The robot hand 3152 chucks the substrate. 

25 After this, chuck by the substrate holding portion 27 0 is 
canceled, and the substrate is transferred from the 
substrate holding portion 270 to the robot hand 3152. 
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After the bonded substrate stack 50 is separated into 
two substrates, the jet medium is present between the two 
substrates. When the jet medium is a liquid (e.g. , water) , 
the surface tension is considerably large. Hence, to 
5 separate the two substrates with a small force, a jet is 
preferably supplied from the nozzle 3 040 to the gap between 
the two substrates. In this case, the jet from the nozzle 
3040 is stopped after the two substrates are separated. 
Instead, a mechanism for ejecting a jet used to separate 
10 the two substrates may be independently prepared. 
[Second Arrangement of Separating Apparatus] 

This arrangement is also related to a separating 
apparatus for separating a bonded substrate stack by a jet, 
as in the first arrangement. 
15 Fig. 8 is a schematic view showing the second 

arrangement of the separating apparatus. Fig. 9 is a view 
showing part of the separating apparatus shown in Fig. 8. 
A separating apparatus 1900 has a pair of substrate holding 
portions 1909 and 1901. The substrate holding portions 
20 1909 and 1901 horizontally hold the bonded substrate stack 
50 by sandwiching it from the upper and lower sides. A jet 
is ejected from the nozzle 3 040 and injected toward the 
porous layer of the bonded substrate stack 50, thereby 
separating the bonded substrate stack 50 into two 
25 substrates at the porous layer. 

The lower substrate holding portion 1901 has a convex 
support portion 1903 which forms a gap between the bonded 
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substrate stack 50 and the surface of the substrate holding 
portion 1901 such that the robot hand 3152 of the scalar 
robot 3150 can be inserted into the gap. The support 
portion 1903 has a suction hole 1902 for vacuum- chucking 
5 the bonded substrate stack 50. The substrate holding 
portion 1901 has a shift prevention member 1911 around the 
support portion 1903. The shift prevention member 1911 
formed from, e.g., rubber or a resin prevents the bonded 
substrate stack 50 from moving in the planar direction. 
10 With this shift prevention member 1911, the bonded 

substrate stack 50 can be held by a small press or suction 
force . 

The substrate holding portion 1901 is coupled to one 
end of a rotating shaft 1904. The rotating shaft 1904 is 

15 supported by a support table 1920 via a bearing 1906. The 
bearing 1906 has, at its upper portion, a sealing member 
190 5 for sealing the opening portion formed in the support 
table 1920 to pass the rotating shaft 1904. A vacuum line 
1907 extends through the rotating shaft 1904. The vacuum 

20 line 1907 is connected to the suction hole 1902 of the 
substrate holding portion 1901. The vacuum line 1907 is 
also connected to an external vacuum line via a ring 1908 . 
The rotating shaft 1904 is coupled to a rotation source (not 
y shown) to be rotated by a rotation force applied from the 

25 rotation source. 

The substrate holding portion 1909 is disposed above 
the substrate holding portion 1901. The substrate holding 
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portion 1909 is coupled to a driving shaft 1910 of a driving 
mechanism 193 0 to be vertically moved by the driving 
mechanism 1930. The driving shaft 1910 is rotatably 
axially supported by the driving mechanism 1930. 
5 The upper substrate holding portion 1909 has a convex 

support portion 1912 which forms a gap between the bonded 
substrate stack 50 and the surface of the substrate holding 
portion 1909 such that the robot hand 3152 of the scalar 
robot 3150 can be inserted into the gap. The support 

10 portion 1912 has a suction hole 1914 for vacuum-chucking 
the bonded substrate stack 50. The substrate holding 
portion 1909 has a shift prevention member 1913 around the 
support portion 1912. The shift prevention member 1913 
formed from, e.g., rubber or a resin prevents the bonded 

15 substrate stack 50 from moving in the planar direction. 
With this shift prevention member 1913, the bonded 
substrate stack 50 can be held by a small press or suction 
force . 

The nozzle 3 040 is controlled by the above -described 
20 orthogonal robot 3050. A shutter 3030 is inserted between 
the nozzle 3 040 and the substrate holding portion 1901 . The 
shutter 3030 is opened/closed by a motor (not shown) . When 
the shutter 3030 is open, and in this state, the jet is 
ejected from the nozzle 3040, the jet can be injected into 
25 the bonded substrate stack 50. When the shutter 3030 is 
closed, jet injection into the bonded substrate stack 50 
can be stopped. 



- 55 - 



Procedures of separation processing by the separating 
apparatus 1900 will be described below. First, the 
substrate holding portion 1909 is moved upward by the 
driving mechanism 1930 to form an appropriate gap between 
5 the substrate holding portion 1909 and the substrate 

holding portion 1901. In this state, the bonded substrate 
stack 50 is horizontally supported by robot hand 3152 of 
the scalar robot 3150 from the lower side and placed on the 
support portion 1903 of the substrate holding portion 1901. 

10 The substrate holding portion 1909 is moved downward by the 
driving mechanism 1930 to cause the substrate holding 
portion 1909 to press the bonded substrate stack 50. The 
substrate holding portions 1909 and 1901 press and hold the 
bonded substrate stack 50 from both sides. 

15 The vacuum chuck mechanisms of the substrate holding 

portions 1901 and 1909 are actuated to chuck the bonded 
substrate stack 50. A rotation source (not shown) is 
actuated to transmit the rotation force to the rotating 
shaft 1904. The rotating shaft 1904, substrate holding 

20 portion 1901, bonded substrate stack 50, and substrate 
holding portion 1909 rotate integrally. 

While keeping the shutter 3030 closed, a pump (not 
shown) connected to the nozzle 3040 is actuated to feed a 
high-pressure jet medium (e.g., water) to the nozzle 3040. 

25 A high-pressure jet is ejected from the nozzle 3040. When 
the jet stabilizes, the shutter 3030 is opened. The jet 
ejected from the nozzle 3040 is continuously injected into 
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the porous layer of the bonded substrate stack 50 to start 
separating the bonded substrate stack 50. 

When separation of the bonded substrate stack 50 is 
ended, the shutter 3030 is closed, and the pump connected 
5 to the nozzle 3040 is stopped to stop jet injection into 
the bonded substrate stack 50. Driving of the rotating 
shaft 1904 is also stopped to stop rotation of the lower 
separated substrate. 

The vacuum chuck mechanisms of the substrate holding 
10 portions 1901 and 1909 are actuated again. The upper 

separated substrate is chucked by the substrate holding 
portion 1909. Simultaneously, the lower separated 
substrate is chucked by the substrate holding portion 1901 . 
The substrate holding portion 1909 is moved upward by the 
15 driving mechanism 1930. The two separated substrates are 
separated from each other. 

The robot hand 3152 of the scalar robot 3150 is 
inserted between the substrate holding portion 1901 and the 
substrate. The robot hand 3152 chucks the substrate. 
20 After this, chuck by the vacuum chuck mechanism of the 
substrate holding portion 1901 is canceled, and the 
substrate is transferred from the substrate holding portion 
1901 to the robot hand 3152. 

The robot hand 3152 of the scalar robot 3150 is 
25 inserted between the substrate holding portion 1909 and the 
substrate. The robot hand 3152 chucks the substrate. 



After this, chuck by the substrate holding portion 1909 is 
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canceled, and the substrate is transferred from the 
substrate holding portion 1909 to the robot hand 3152. 

After the bonded substrate stack 50 is separated into 
two substrates, the jet medium is present between the two 
5 substrates- When the jet medium is a liquid (e.g., water) , 
the surface tension is considerably large. Hence, to 
separate the two substrates with a small force, a jet is 
preferably supplied from the nozzle 3 040 to the gap between 
the two substrates. In this case, the jet from the nozzle 

10 3 040 is stopped after the two substrates are separated. 
Instead, a mechanism for ejecting a jet used to separate 
the two substrates may be independently prepared. 
[Third Arrangement of Separating Apparatus] 

Figs. 10 and 11 are schematic sectional views showing 

15 the third arrangement of the separating apparatus. Fig. 
10 shows a state wherein substrate support members are open. 
Fig . 11 shows a state wherein the substrate support portions 
are closed. 

A separating apparatus 4000 has a pair of substrate 
20 support members 4001 and 4004 coupled through a hinge 

portion 4003. Each of the substrate support members 4001 
and 4 004 has an annular shape conforming to the side surface 
of the bonded substrate stack 50. The substrate support 
members 4001 and 4004 function as enclosed space forming 
25 members which close while sandwiching the bonded substrate 
stack 50 and form an enclosed space 402 0 around the edge 
portion of the bonded substrate stack 50 where a porous 
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layer 50c is exposed. 

The substrate support members 4001 and 4004 
respectively have sealing members (e.g., O-rings) 4002 and 
4005 for ensuring airtightness between the members and the 
5 bonded substrate stack 50. The substrate support member 
4004 has a sealing member 4008 for ensuring airtightness 
between the substrate support members 4001 and 4004. 

In the separating apparatus 4000, while the bonded 
substrate stack 50 is sandwiched and supported by the 
10 substrate support members 4001 and 4004 from both sides, 
the substrate support member 4001 is locked by a lock 
mechanism 4007. 

The substrate support member 4004 has an injection 
portion 4006 for injecting a fluid into the enclosed space 
15 4 020 . The injection portion 4006 is connected to a pressure 
source 4011 such as a pump. The enclosed space 4020 is 
filled with the fluid (e.g., water) supplied from the 
pressure source 4011. 

The substrate support member 4001 and/ or 4004 may have 
20 a deaeration port for removing bubbles generated upon 

injecting the fluid into the enclosed space 402 0, and a 
valve for closing the deaeration port when pressure is 
applied to the fluid in the enclosed space 4020. 

The pressure source 4011 applies pressure to the fluid 
25 with which the enclosed space 4020 is filled. The pressure 
source 4011 preferably has a mechanism for adjusiting the 
pressure to be applied to the fluid. With this mechanism, 
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the pressure to be applied to the fluid is preferably set 
to be high at the early stage of separation of the bonded 
substrate stack 50 and then gradually or stepwise reduced. 
For example, at the early stage of separation, the pressure 
5 is set at, e.g., 20 kg/cm 2 and then gradually reduced to, 
e.g., 1 kg/cm 2 at the final stage of separation. 

The lower substrate support member 4004 is supported 
by a support table 4006. The support table 4006 has a vent 
hole 4030 for communicating the lower surface of the bonded 

10 substrate stack 50 to the external atmosphere. The lower 
surface of the bonded substrate stack 50 is maintained at 
the atmospheric pressure. The support table 4006 has an 
air cylinder 4010 near the central portion. A support 
portion 4009 is attached to the piston rod of the air 

15 cylinder 4010. The support portion 4009 is pushed upward 
when a bonded substrate stack or separated substrate is 
received/transferred from/to the robot hand 3152 of the 
scalar robot 3150. With this support portion 4009, a gap 
for receiving the robot hand 3152 is formed between the 

20 lower substrate support member 4004 and a bonded substrate 
stack or separated substrate. 

Procedures of separation processing of the bonded 
substrate stack 50 by the separating apparatus 4000 will 
be described below. Separation processing is performed 

25 under, e.g., the atmospheric pressure. 

First, the substrate support member 4001 is unlocked 
by the lock mechanism 4007 and opened, as shown in Fig. 10, 
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and the support portion 4009 is moved upward. The bonded 
substrate stack 50 is placed on the substrate support member 
4004 by the robot hand 3152 of the scalar robot 3150. 

As shown in Fig. 11, the support portion 4 009 is moved 
5 downward, and the substrate support member 4001 is closed 
and locked by the lock mechanism 4007. In this state, the 
enclosed space 4020 is formed around the edge portion of 
the bonded substrate stack 50 where the porous layer 50c 
is exposed. 

10 A fluid is injected into the enclosed space 4020 by 

the pressure source 4011. Pressure is applied to the fluid 
in the enclosed space 4020 by the pressure source 4011 . The 
pressure of the fluid substantially standing still is 
applied to the porous layer 50c exposed to the edge of the 

15 bonded substrate stack 50. 

Separation starts as the applied pressure breaks the 
porous layer 50c exposed to the edge of the bonded substrate 
stack 50. When the fluid is injected into the broken 
portion, break of the porous layer 50c progresses . As break 

20 of the porous layer 50c progresses, the fluid is 

sufficiently injected into the bonded substrate stack 50. 
At this time, due to the difference between the pressure 
of the fluid acting on the interior of the bonded substrate 
stack 50 and that acting on the unclosed space (space other 

25 than the enclosed space) , a separation force acts on the 
bonded substrate stack 50 to separate substrates 50a and 
50b. Separation progresses with this separation force. 
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When separation is ended, the pressure source 4011 
is controlled to set the enclosed space 4020 at, e.g. , the 
atmospheric pressure. After this, the lock mechanism 4007 
is unlocked. The substrate support member 4001 is opened, 
5 and the support portion 4009 is moved upward to form an 
appropriate gap between the lower substrate support member 
4004 and the separated bonded substrate stack. The robot 
hand 3152 of the scalar robot 3150 extracts the upper 
substrate 50a and then the lower substrate 50b. 

10 In this case, after the upper substrate 50a is turned 

by the inverting apparatus 3130, cleaned and dried by the 
cleaning /drying apparatus 312 0, and stored in the third 
cassette 3101, or after the upper substrate 50a is 
transferred to the inverting apparatus 3130, the lower 

15 substrate 50b is transferred to the cleaning/drying 
apparatus 3120. 

[Fourth Arrangement of Separating Apparatus] 

Fig. 12 is a schematic view showing the fourth 

arrangement of the separating apparatus. A separating 
20 apparatus 5000 applies pressure to the entire bonded 

substrate stack 50 to separate the bonded substrate stack 

50 at the porous layer. 

This separating apparatus 5000 has a closed vessel 

5001 for storing the bonded substrate stack 50 and forming 
25 an enclosed space, and a closing lid 1202 for 

opening/closing an opening portion through which the robot 

hand 3152 of the scalar robot 3150 enters /leaves the closed 
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vessel 5001. The closed vessel 5001 has a sample support 
member 5011 for supporting the bonded substrate stack 50 
from the lower side. 

The separating apparatus 5000 has an injection port 
5 5008 for supplying a fluid into the enclosed space. The 
injection port 5008 is connected to a pump 5010 through a 
valve 5009. The separating apparatus 5000 also has a 
discharge port 5006 for discharging the fluid in the closed 
vessel 5001. The discharge port 5006 is connected to a 

10 discharge control valve 5007. 

The separating apparatus 5000 preferably has a 
vibration source 5004 for applying a vibration energy such 
as an ultrasonic wave to the bonded substrate stack 50. 
With this vibration source 5004, two-step separation 

15 processing can be performed. At the first stage, pressure 
is applied into the enclosed space formed by the closed 
vessel 5001 to break cavity walls in the porous layer, as 
described above. At the second stage, remaining cavity 
walls are broken by the vibration energy, thereby 

20 completely separating the bonded substrate stack 50 at the 
porous layer . 

Separation processing by the separating apparatus 
5000 will be described below. First, the closing lid 5002 
is opened, and the bonded substrate stack is conveyed into 

2 5 the closed vessel 5001 and placed on the support member 5011 
by the robot hand 3152 of the scalar robot 3150. 

The closing lid 5002 is closed. The pump 5010 is 
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actuated, and the valve 5009 is opened to inject a fluid 
into the enclosed space. The internal pressure of the 
enclosed space is set at predetermined pressure (start of 
the first separation processing) . As the fluid, a gas such 
5 as air or a liquid such as water can be used. As the fluid, 
an etching gas or etchant capable of selectively etching 
the cavity-containing layer may be used. In this case, 
separation processing can be efficiently performed, and the 
number of cavity walls that may remain after separation can 

10 be decreased. 

In this state, processing waits for, e.g., a 
predetermined time. The bonded substrate stack 50 is 
completely separated at the porous layer, or most cavity 
walls break. Next, the pump 5010 is stopped, and the valve 

15 5009 is closed. The valve 5007 is opened to discharge the 
fluid in the enclosed space through the discharge port 5006 , 
thereby returning the pressure in the enclosed space to the 
atmospheric pressure (end of the first separation 
processing) . When a fluid that adversely affects the 

20 natural environment is used, the fluid discharged through 
the discharge port 5006 is recovered and appropriately 
processed. 

The vibration source 5004 is driven to apply a 
vibration energy to the bonded substrate stack 50 in the 
25 closed vessel. With this process, unbroken cavity walls 
break, and the bonded substrate stack 50 is completely 
separated (second separation processing) . The second 
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separation processing may be executed parallel to the first 
separation processing. 

When a liquid is used as the fluid, the fluid in the 
enclosed space is discharged by opening the valve 5007, as 
5 needed. The closing lid 5002 is opened. The robot hand 
3152 of the scalar robot 3150 extracts the upper substrate 
and then the lower substrate. In this case, after the upper 
substrate is turned by the inverting apparatus 3130, 
cleaned and dried by the cleaning/drying apparatus 3120, 
10 and stored in the third cassette 3101, or after the upper 
substrate is transferred to the inverting apparatus 313 0, 
the lower substrate is transferred to the cleaning /drying 
apparatus 312 0. 

[Another Structure of Robot Hand of Scalar Robot] 
15 Another structure of the robot hand of the scalar robot 

3150 will be described next. Figs. 13A and 13B are views 
showing another structure of the robot hand of the scalar 
robot 3150. Fig. 13A is a plan view, and Fig. 13B is a 
sectional view taken along a line A - A' in Fig. 13A. The 
20 robot hand shown in Figs. 13A and 13B has a U-shaped main 
body 9004 and holding portions 9001 to 9003 for holding the 
end portions of a bonded substrate stack or separated 
substrate. The holding portions 9001 to 9003 are 
preferably formed from, e.g., PTFE. 
25 The robot hand with this structure comes into contact 

with only the end portion of a bonded substrate stack or 
separated substrate. Hence, the surfaces of the bonded 
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substrate stack or separated substrate are rarely damaged. 

The robot hand with this structure comes into contact 
with only the end portion of a separated substrate. Hence, 
independently of whether the separated surface is directed 
5 to the upper or lower side, the substrate surfaces are 
rarely damaged even when the separated substrate is held 
from the lower side. 

The robot hand with this structure holds a bonded 
substrate stack or separated substrate while regulating the 
10 bonded substrate stack or separated substrate from moving 
in the planar direction. For this reason, the bonded 
substrate stack or separated substrate can be prevented 
from dropping. 

The robot hand with this structure may have a chuck 
15 mechanism at one or all of the holding portions 9001 to 9003 . 
In this case, drop of a bonded substrate stack or separated 
substrate can be more effectively prevented. In addition, 
for example, a substrate can be supported from the upper 
side. 

20 The robot hand with this structure may have a mechanism 

for rotating the main body 9004 which is chucking a 
separated substrate through 180° to invert the substrate. 

According to the present invention, for example, since 
the operation position can be changed by pivoting the 
25 turntable, the series of processing operations can be 
executed at a high speed. 

The present invention is not limited to the above 
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embodiments and various changes and modifications can be 
made within the spirit and scope of the present invention. 
Therefore, to apprise the public of the scope of the present 
invention, the following claims are made. 
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